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[57] ABSTRACT 

An Si3N4 layer is formed on a surface of a wafer, which is 
an object to be processed, at a high temperature of, for 
example, 780° C., using a vertical thermal processing appa 
ratus having a reaction tube of a double-wall structure 
comprising an inner tube and an outer tube in which a 
predetermined reduced-pressure status is maintained within 
the reaction tube while a reaction gas comprising, for 
example, SiH2Cl2 and NH3 is made to ?ow from an inner 
side to an outer side of the inner tube by the action of a ?rst 
gas supply pipe and ?rst exhaust pipe provided in the 
thermal processing apparatus. Next, the temperature in the 
interior of the reaction tube is raised to, for example, 1000° 
C., a reaction gas comprising, for example, H2O vapor and 
HCl is made to How from the outer side to the inner side of 
the inner tube by the action of a second gas supply pipe and 
second exhaust pipe, and an SiO2 layer is formed by the 
oxidation of the surface of the Si3N4 layer formed on the 
surface of the wafer, under normal-pressure conditions. The 
use of a combined chamber enables the implementation of 
?lm formation and either oxidation or dilfusion processing 
without having to remove the object to be processed from 
the reaction tube, and thus prevents the intrusion of a natural 
oxide layer or the incorporation of particles into a thin ?lm 
structure of, for example, SiO2 and Si3N4 layers used as a 
multi-layer insulating ?lm for devices such as DRAMs. 

4 Claims, 11 Drawing Sheets 
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THERMAL PROCESSING lVIETHOD AND 
APPARATUS THEREFOR 

BACKGROUND OF THE INVENTION 

The present invention relates to a thermal processing 
method and an apparatus therefor. 

Semiconductor devices such as DRAM devices are 
becoming even more closely integrated, and it has become 
necessary to be resourceful in the structure and fabrication 
of such devices. For example, multi-layer ?lms of either an 
SiO2/Si3N4/SiO2 or an SiO2/Si3N4 structure are currently 
being investigated as capacitor insulation layers for 
DRAMs, in order to reduce the temperature while ensuring 
the insulating withstand pressure at the corners of trenches. 

In order to ensure high levels of reliability for such 
devices, there are even greater demands for improvements in 
the quality of thin ?lms because if, for example, oxygen is 
accidently incorporated into an Si3N4 layer, the permittivity 
will drop and long-term reliability will deteriorate. There 
fore, when such a multi-layer insulating ?lm is formed, it is 
appropriate to use a vertical thermal processing apparatus 
that draws in as little as possible of the outside atmosphere 
into its thermal processing chamber. 
When SiO2 and Si3N4 layers are formed in the prior art, 

for example, the steps shown in FIG. 14 are implemented. In 
other words, the semiconductor wafer (hereinafter abbrevi 
ated simply to “wafer”) is placed on a holder means (a wafer 
boat) and conveyed thereon into a reduced-pressure chemi 
cal vapor deposition (CVD) chamber at one thermal pro 
cessing station, and gases such as SiH2Cl2 and NH3 are used 
as processing gases to form an Si3N4 ?lm on the surface of 
the wafer while the interior of the chamber is held as a 
predetermined degree of vacuum. The wafer is then con 
veyed out of the chamber and is removed from the holder 
means. Next, the wafer is accommodated in a wafer carrier 
and is conveyed to another thermal processing station, 
where it is transferred to a holder means and is conveyed 
into an oxidation chamber, and an SiOZ ?lm is formed on the 
surface of the wafer under normal pressure by exposure to 
oxygen or a rrrixed gas of, for example, oxygen and hydro 
gen chloride, and then the wafer is conveyed out of the 
chamber. 

However, with the above described processing method, 
since the wafer with the Si3N4 ?lm formed thereon has to be 
conveyed out of the reduced-pressure CVD chamber and 
into a different thermal processing station, a natural oxide 
layer will form over the Si3N4 layer. This is particularly 
likely to happen after ?lm formation in a reduced-pressure 
CVD chamber. When a cap at a lower edge of the chamber 
is opened, it is inevitable that a certain amount of the outer 
atmosphere will be dragged into the chamber, and thus the 
surface of the Si3N4 layer will come into contact with the 
atmosphere while at a high temperature. This causes a 
natural oxide layer of an uneven thickness to be formed, and 
it is extremely di?icult to remove this natural oxide layer, 
even if the Wafer is washed before it goes on to the 
subsequent oxidation step. Similarly, when the wafer is 
transferred to the holder means under the oxidation chamber, 
the wafer is exposed to the atmosphere while it is still at a 
fairly high temperature, and thus the formation of a natural 
oxide layer is promoted and the desired oxide layer will be 
formed in the oxidation chamber over the natural oxide 
layer. This means that there will be an oxide layer of poor 
quality in the multi-layer insulating ?lm of the wafer, so that 
the reliability of the device, such as a DRAM, will be low. 
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2 
With the prior art processing method, the wafer has to be 

transferred a large number of times while it is conveyed out 
of the reduced~pressure CVD chamber, conveyed toward the 
other thermal processing station while accommodated in the 
carrier, and them conveyed into the oxidation chamber, so 
that particles can easily adhere thereto. Since it seems likely 
that the above described multi-layer insulating ?lm will 
become even thinner as DRAMs become even more densely 
integrated in the future, the inclusion of even a tiny amount 
of particles will adversely affect the characteristics of the 
insulating layer even further. The above problems will also 
occur with an Si3N4 layer on an SiO2 layer. 

Thus it is di?icult to obtain an SiO2/Si3N4 or SiO2/Si3N4/ 
SiO2 multi-layer insulating ?lm of a good ?lm quality with 
a prior art thermal processing method, and this is one reason 
why the further integration of devices such as DRAMs is 

, impeded. 

Another problem with reduced-pressure CVD concerns 
the use of a manifold made of stainless steel that can be used 
for several diiferent types of processing. This manifold is 
corrosion resistant, but corrosion will still be promoted if the 
processing temperatures increase further when highly cor 
rosive gases are used. This means that there are limitations 
on the types of gas that can be used at high temperatures. 

With the present invention, the inventors propose a ver 
tical thermal processing apparatus that can perform both 
reduced-pressure CVD and either oxidation or diffusion in a 
common chamber (see the description herein of the ?rst 
embodiment). It is possible that hydrochloric acid (HCl) 
could be mixed into the processing gases used for oxidation. 
The use of HCl has advantages in that it eliminates any 
impurities that may be introduced from the outside, and thus 
ensures a good-quality ?lm, but the presence of any H2O 
vapor will result in extremely strong corrosiveness, the inner 
peripheral surface of the stainless steel manifold will be 
corroded thereby, and thus contamination of the wafers by 
particles and heavy metals will occur. Note that forming the 
manifold of quartz would solve this problem of corrosion, 
but the manufacture of such a manifold would be difficult 
and expensive, and it would also be difficult to connect the 
external piping and intake/exhaust ports. ‘ 

SUMMARY OF THE INVENTION 

The present invention was devised in the light of the 
above described problems with the prior art and has as its 
objective the provision of a thermal processing method that 
can prevent the intrusion of a natural oxide layer or the 
incorporation of impurities such as particles, after one 
processing step that is either ?lm formation or oxidation] 
diffusion processing in a combination chamber, and before 
the other processing is performed. 
The present invention relates to a method of thermally 

processing an object to be processed, using a vertical ther 
mal processing apparatus provided with a reaction tube of a 
double-wall structure comprising an inner tube and an outer 
tube, wherein a ?rst gas supply pipe and a second exhaust 
pipe are provided so as to open into an inner side of the inner 
tube and a second gas supply pipe and a ?rst exhaust pipe are 
provided so as to open into a space between the inner tube 
and the outer tube. This thermal processing method com 
prises either a ?rst step of using the ?rst gas supply pipe and 
the ?rst exhaust pipe to make a processing gas ?ow from the 
inner side of the inner tube to an outer side thereof, to form 
a ?lm on a surface of the object to be processed under 
reduced-pressure conditions, or a second step of using the 
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second gas supply pipe and the second exhaust pipe to make 
a processing gas ?ow from the outer side of the inner tube 
to the inner side thereof, to perform oxidation or diffusion 
processing on the surface of the object to be processed under 
normal-pressure conditions, followed by the other of these 
steps. 
With the thermal processing method of the present inven 

tion, ?lm formation and either oxidation or diffusion pro 
cessing can be performed in succession using a common 
(single) reaction tube, omitting the transfer steps of loading 
the object to be processed into and out of the reaction tube 
and conveying it between thermal processing stations 
between these processing steps. Therefore, the intrusion of, 
for example, a natural oxide layer and the incorporation of 
particles between a formed ?lm and an oxide layer can be 
prevented. When applied to the formation of a multi-layer 
insulating ?lm consisting of stacked silicon nitride and 
silicon oxide ?lms for devices such as DRAMs, this method 
ensures that thin ?lms of extremely good quality are formed, 
and thus it is also e?ective for enabling the design of devices 
with higher levels of integration. 

Another objective of the present invention is to provide a 
vertical thermal processing apparatus that has a high degree 
of freedom in the choices of processing that can be per 
formed therein, without having to provide a quartz manifold. 
The present invention provides a vertical thermal process 

ing apparatus in which a lower portion of a vertical reaction 
tube thereof is provided with a metal manifold connected to 
a gas supply pipe and an exhaust pipe, and wherein a large 
number of objects to be processed are placed in a support 
device and conveyed into the reaction tube through a lower 
edge opening of the manifold. The vertical thermal process 
ing apparatus is further provided with a cover of a heat 
resistant material arranged so as to shield an inner peripheral 
surface of the manifold, and inert gas introduction means for 
introducing an inert gas into a space between the cover and 
the inner peripheral surface of the manifold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vertical cross-sectional view through a vertical 
thermal processing apparatus for implementing the thermal 
processing method in accordance with a ?rst embodiment of 
the present invention; 

FIG. 2 is a vertical cross-sectional view through a varia 
tion of the vertical thermal processing apparatus of FIG. 1; 

FIGS. 3A and 3B are diagrams illustrating the ?ows of 
processing gases in the thermal processing method of the 
?rst embodiment of the present invention; 

FIGS. 4A to 4C are sequential diagrams illustrating a thin 
?lm structure obtained by the thermal processing method of 
the ?rst embodiment of the present invention; 

FIG. Sis a vertical cross-sectional view through a vertical 
thermal processing apparatus of a second embodiment of the 
present invention; 

FIG. 6 is a vertical cross-sectional view through essential 
components of the vertical thermal processing apparatus 
shown in FIG. 5; 

FIG. 7 is an exploded perspective view of essential 
components of the vertical thermal processing apparatus 
shown in FIG. 5; 

FIG. 8 is an exploded perspective view of some of the 
essential components of the vertical thermal processing 
apparatus shown in FIG. 7; 

FIG. 9 is a structural diagram of an example of a normal 
pressure, high-temperature thermal processing apparatus of 
a third embodiment of the present invention; 
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4 
FIG. 10 is an enlarged partial vertical cross-sectional view 

of a seal structure of a cap portion of the normal-pressure, 
high-temperature thermal processing apparatus of FIG. 9; 

FIG. 11 is an enlarged partial vertical cross-sectional view 
of a seal structure of an exhaust port and exhaust system of 
the normal-pressure, high-temperature thermal processing 
apparatus of FIG. 9; 

FIG. 12 is an enlargement of a seal structure using a ball 
joint, for a gas supply system of the normal-pressure, 
high-temperature thermal processing apparatus of FIG. 9; 

FIG. 13 is a timing chart for gas purging in the normal 
pressure, high-temperature thermal processing apparatus of 
FIG. 9; and 

FIG. 14 is a ?ow chart illustrative of the steps in a prior 
art thermal processing method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 
An example of a vertical thermal processing apparatus 1 

for implementing a thermal processing method of the 
present invention is shown in FIG. 1. In FIG. 1, reference 
number 2 denotes a reaction tube that has a double-wall 
construction comprising an inner tube 2a that is open at both 
ends, is arranged vertically, and is formed of a heat-resistant 
material such as quartz, and an outer tube 2b that is arranged 
in a concentric manner around the inner tube 2a, with a 
predetermined spacing therebetween, and that has a top 
covered cylindrical form of a material such as quartz. 
On the outer side of the reaction tube 2, a heater chamber 

23 con?gured with a heater 22, which is formed of resistance 
heating wires on an inner surface of an insulating body 21 
supported by a frame 23a, is arranged in such a manner as 
to surround the reaction tube 2. The reaction tube 2 is held 
on a manifold 3 that is ?xed to a base plate 30 with an O-ring 
32a therebetween, and the manifold 3 is con?gured of 
stainless steel with a surface thereof that has been subjected 
to a corrosion-resistant processing such as te?on coating. A 
cap portion 31 formed of, for example, stainless steel that 
has been subjected to the same corrosion-resistant process 
ing as the manifold 3 is provided in a lower edge opening 
portion of the manifold 3 so as to be free to be opened and 
closed by the raising and lowering of a boat elevator 33. 
When it is closed, the cap portion 31 hermetically seals the 
manifold 3 with a O-ring 32 therebetween. 
The cap portion 31 is mounted on the boat elevator 33 that 

is raised and lowered by means such as a ball-screw, and a 
wafer boat 35 made of a material such as quartz is mounted 
on top of the cap portion 31 with a heat-insulating tube 34 
therebetween. The wafer boat 35 is con?gured to hold a 
large number of wafers W, each in a horizontal orientation, 
in a vertical stack. 

At least one ?rst gas supply pipe 4 for supplying a 
processing gas into a region on the inner side of the inner 
tube 2a and a ?rst exhaust pipe 5 for evacuating the 
processing gases from a space between the inner tube 2a and 
the outer tube 2b are connected hermetically to a side surface 
of the manifold 3. The ?rst gas supply pipe 4 and ?rst 
exhaust pipe 5 form a supply piping system that is used for 
reduced-pressure CVD. An inner end of the ?rst gas supply 
pipe 4 is, for example, bent in an upward direction, and an 
output end thereof is connected to a gas supply source that 
is not shown in the ?gure, with a valve V1 therebetween. An 
outer end of the ?rst exhaust pipe 5 is connected to a vacuum 
pump 51 with a valve V2 therebetween. 



5,484,484 
5 

A second gas supply pipe 6 for supplying processing gas 
into the space between the inner tube 2a and the outer tube 
2b, separately from the supply piping system used for 
reduced-pressure CVD, and a second exhaust pipe 7 for 
evacuating processing gases from a region within the inner 
tube 2a are also connected hermetically to the side surface 
of the manifold 3. The second gas supply pipe 6 and second 
exhaust pipe 7 form a piping system that is used for oxide 
processing. An outer end of the second gas supply pipe 6 is 
connected to a gas supply source that is not shown in the 
?gure, with a valve V3 therebetween, and an outer end of the 
second exhaust pipe 7 is connected to a scrubber that uses 
water to remove HCl from within the processing gas as 
dilute hydrochloride acid, with a valve V4 and a separate 
vacuum pump 71 therebetween. 
The gas supply pipes 4 and 6 and the ?rst exhaust pipe 5 

are formed of a material such as stainless steel, with the 
surfaces thereof having been subjected to a corrosion‘ 
resistant processing such as te?on coating. The second 
exhaust pipe 7 is con?gured of a stainless steel tube provided 
with an internal sleeve of a heat-resistant material such as 
quartz. 
The above thermal processing apparatus is provided with 

a control portion 20, where this control portion 20 has the 
function of controlling the opening and shutting of the 
valves V1 to V4 on the basis of a predetermined sequencing 
program and a pressure detected by a pressure gage 52 
provided in the ?rst exhaust pipe 5. It also has the function 
of controlling the power supplied to the heater 22, on the 
basis of a temperature detected by a temperature detection 
means 22a. 
As shown in FIG. 2, the second gas supply pipe 6 and 

second exhaust pipe 7 could be omitted, processing gases 
such as SiH2Cl2 and NH3 could be supplied separately from 
processing gas supplies 4a and 4b via valves V5 and V6, and 
exhaust could be done through the ?rst exhaust pipe 5 alone. 
In the same manner, the processing gas for the oxidation 
processing could be supplied in the same direction. 

This embodiment of the thermal processing method of the 
present invention that uses the above described thermal 
processing apparatus 1 will now be described. 

First, the interior of the reaction tube 2 is heated by the 
heater 22 to a uniform temperature of, for example, 780° C., 
a number of wafers W, such as 50, that are the objects to be 
processed are held in a horizontal rack in the wafer boat 35, 
and the wafer boat 35 is loaded into the reaction tube 2 by 
the boat elevator 33. The valve V2 is then opened and the 
interior of the reaction tube 2 is evacuated by the vacuum 
pump 51 through the ?rst exhaust pipe 5 until it reaches a 
reduced pressure on the order of 10‘3 Torr, then the valve V1 
is opened and processing gases such as ammonia (NH3) and 
dichlorosilane (SiH2Cl2) are supplied through the ?rst gas 
supply pipe 4 into a region within the inner tube 2a at ?ow 
rates of, for example, 0.06 liters/minute and 0.02 liters/ 
minute, respectively. While the pressure in the interior of the 
reaction tube 2 is controlled by the control portion 20 so as 
to be maintained at a reduced-pressure state of, for example, 
1 Torr, the space between the inner tube 2a and the outer 
tube 2b continues to be evacuated through the ?rst exhaust 
pipe 5, and layers are formed on the surfaces of the wafers 
W for a period such as 40 minutes. 
The ?ow of processing gases during the reduced-pressure 

CVD described above is shown in FIG. 3A, showing how 
the processing gases are supplied into the interior of the 
inner tube 2a in order to suppress the generation of layers on 
the wall portions of the reaction tube 2 caused by the 
reactions of the processing gases. These gases rise and are 
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6 
evacuated from the outside of the inner tube 2a. By this 
method, an Si3N4 layer 82 is formed by the gas-phase 
reactions of NH3 and SiI-I2Cl2 on the surface of a layer such 
as a polysilicon layer 81, as shown in FIG. 4A and FIG. 4B. 
The atmosphere in the reaction tube 2 is then purged with, 

for example, nitrogen, and also the amount of power sup 
plied to the heater 22 is controlled by the control portion 20 
to raise the temperature at a rate of, for example, 50° C./min, 
so that the temperature within the reaction tube 2 rises to the 
vicinity of approximately 1000° C. This purging of the 
interior of the reaction tube 2 with nitrogen is performed by 
supplying nitrogen into the inner tube 2a from a gas supply 
pipe which is provided in the manifold 3 in the same manner 
as, for example, the ?rst gas supply pipe 4, but which is not 
shown in the ?gures, while the interior of the inner tube 2a 
is evacuated by the ?rst exhaust pipe 5. On the basis of 
control signals from the control portion 20, a valve of the gas 
supply pipe for nitrogen and the valve V2 of the ?rst exhaust 
pipe 5 are closed, then the valve V3 of the second gas supply 
pipe 6 and the valve V4 of the second exhaust pipe 7 are 
opened so that a mixed gas of, for example, H2O vapor at a 
?ow rate of 10 liters/minute and 'HCl at a ?ow rate of 1 
liter/minute is supplied into the space between the inner tube 
2a and the outer tube 2b and is also evacuated through the 
second exhaust pipe 7 from the interior of the inner tube 2a, 
until the interior of the reaction tube 2 reaches normal 
pressure. 

In this case, the ?ow of processing gases during this 
oxidation processing is shown in FIG. 3B. Before the 
processing gases reach the surfaces of the wafers W, they are 
supplied into the space between the inner tube 2a and the 
outer tube 212 in such a manner that they are heated accu 
rately to a predetermined temperature, then they fall and are 
evacuated from the interior of the inner tube 2a. 

In this manner, the surface of the Si3N4 layer 82 is 
oxidized to form an SiO2 layer 83, as shown in FIG. 4C. In 
this case, the HCl ful?lls a role of removing impurities from 
the SiO2 layer 83, but the processing gas could equally well 
be without HCl, or 02 could be used instead. 

In accordance with this embodiment, since the con?gu 
ration is such that the wafers W are not conveyed out of the 
reaction tube 2 after the Si_,,N4 layer 82 is formed, but the 
SiO2 layer 83 is formed thereon immediately after the 
temperature and pressure within the reaction tube 2 have 
been changed and the processing gases and their directions 
of ?ow have been switched, no unwanted oxidation ?lm is 
formed between the Si3N4 layer 82 and the SiO3 layer 83, 
and impurities such as water vapor are not introduced. 
Further, since the wafers W are not relocated or conveyed 
into or out of the reaction tube 2 between the different 
processes, no particles are incorporated therein. Therefore, a 
good~quality multi-layer isolation ?lm can be obtained, and 
the above described processing will be extremely effective 
in satisfying future demands for multi-layer isolation ?lms 
that are thinner and of higher quality, as the degree of 
integration of devices increases. 

Since a common (single) reaction tube 2 is used for both 
the ?lm formation and the oxidation processing, the 
throughput is markedly improved in comparison with the 
prior art in which separate apparatuses are used for such 
processes, the space occupied by the equipment can be 
reduced, and further there is no danger of damage to the 
wafers W as they are being transferred. 

With the above described thermal processing method of 
the present invention, reduced-pressure CVD processing 
could be performed after the oxidation processing, or the 
oxidation and reduced-pressure CVD could be repeated, and 
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this method could also be applied to the formation of other 
types of ?lm such as an SiO2/Si3N4/SiO2 ?lm. It could 
similarly be applied to the formation of ?lms that are not 
multi-layer insulating ?lms, or diffusion processing could be 
performed instead of the oxidation so that, for example, a 
phosphorus layer is formed on a surface of polysilicon by 
CVD using phosphine, then a di?’used phosphorus layer is 
formed by subjecting this phosphorus layer to diffusion 
processing. 
When a halogenated gas such as HCl is used at a high 

temperature in the vicinity of 1000° C. for a process such as 
oxidation in the embodiment of the present invention as 
described above, it is preferable the surface of the stainless 
steel manifold 3 has been subjected to some form of corro 
sion-resistance processing, since HCl under such conditions 
is extremely corrosive. However, the manifold 3 itself, 
including the intake ports and the exhaust ports, could be 
made of quartz instead of stainless steel. Note that the piping 
systems for the ?lm formation and oxidation processings 
could be used in common within the manifold portion, such 
as the ?rst gas supply pipe and the second exhaust pipe 
alone. 
Second Embodiment A reaction tube 102 of a vertical 
thermal processing apparatus (combination chamber) 100 of 
a second embodiment of the present invention has a double 
wall construction comprising an inner tube 102a that is open 
at both ends, is arranged vertically, and is formed of a 
heat-resistant material such as quartz, and an outer tube 102b 
that is arranged in a concentric manner around the inner tube 
102a, with a predetermined spacing therebetween, and that 
has a top-covered cylindrical form of a material such as 
quartz, as shown in FIG. 5. 
On the outer side of the reaction tube 102, a heater 

chamber 123 con?gured with a heater 122, which is formed 
of resistance heating wires on an inner surface of an insu 
lating body 121, is arranged in such a manner as to surround 
the reaction tube 102. The reaction tube 102 is held on a 
manifold 103 ?xed to a base plate 130, and the manifold 103 
is con?gured of a material such as stainless steel. A cap 
portion 131 formed of, for example, stainless steel is pro 
vided in a lower edge opening portion of the manifold 103 
so as to be free to be opened and closed by the raising and 
lowering of a boat elevator 124. When it is closed, the cap 
portion 131 hermetically seals the opening portion with a 
O-ring 131a therebetween. 
The cap portion 131 is mounted on the boat elevator 124 

that is raised and lowered by means such as a ball-screw, and 
a wafer boat 126 made of a material such as quartz is 
mounted on top of the cap portion 131 with a heat-insulating 
tube 125 therebetween. The wafer boat 126 is designed to 
hold a large number of wafers W, each in a horizontal 
orientation, in a vertical stack. Note that a rotational mecha 
nism 128 provided with a rotational shaft 127 is attached to 
the boat elevator 124, and the heat-insulating tube 125 is 
mounted on a rotational stand 129 that is rotated by the 
rotational shaft 127 as shown in FIG. 6. 
A cover 104 formed of a heat-resistant material such as 

quartz is provided on an inner side of the manifold 103 in 
such a manner as to shield the inner peripheral surface of the 
manifold 103, as shown in FIGS. 5 and 6. This cover 104 is 
formed in such a manner that an opening ‘at a lower side 
thereof is smaller than an opening at an upper end thereof, 
and a stepped portion therebetween is in contact with an 
annular protrusion 132 formed in the inner peripheral sur 
face of the manifold 103 and also an upper outer edge of the 
cover 104 engages with an upper inner edge of the manifold 
103. 
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A ring member 133 of a heat-resistant material such as 

quartz is embedded in a concentric manner with respect to 
the cap portion 131 in an upper surface of the cap portion 
131. An outer edge portion and inner edge portion of the ring 
member 133 are formed as standing pieces 134 and 135, 
respectively, that curve upward therefrom (see FIG. 6). A 
lower edge portion of the cover 104 is supported in such a 
manner as to be held at a constant spacing (of 0.05 to 0.7 cm) 
away from the standing piece 134 on the outer edge side of 
the ring member 133. Similarly, an annular leg portion 125a 
is formed in a base portion of the heat-insulating tube 125, 
and the heat-insulating tube 125 is supported in such a 
manner as to held at a constant spacing (of 0.05 to 0.7 cm) 
away from the standing piece 135 on the inner edge side of 
the ring member 133. 
A ?rst gas supply pipe 105 for supplying a processing gas 

into a region on the inner side of the inner tube 102a and a 
?rst exhaust pipe 106 for evacuating the processing gases 
from a space between the inner tube 102a and the outer tube 
10212 are connected to a side surface of the manifold 103. 
The ?rst gas supply pipe 105 and ?rst exhaust pipe 106 form 
a supply piping system that is used for reduced-pressure 
CVD, and outer ends of the ?rst gas supply pipe 105 and ?rst 
exhaust pipe 106 are respectively connected to a gas supply 
source and a pump that are not shown in the ?gures. 
A second gas supply pipe 107 for supplying processing 

gas into the space between the inner tube 102a and the outer 
tube 102b, separately from the supply piping system used for 
reduced-pressure CVD, and a second exhaust pipe 108 for 
evacuating processing gases from a region within the inner 
tube 102a are further connected to the side surface of the 
manifold 103. The second gas supply pipe 107 and second 
exhaust pipe 108 form a piping system that is used for 
oxidation processing, and outer ends of the second gas 
supply pipe 107 and second exhaust pipe 108 are respec 
tively connected to a gas supply source and a pump that are 
not shown in the ?gures. 
The connective structure between these piping systems 

and the cover 104 will now be described with reference to 
FIGS. 6 and 7. Taking as an example the ?rst gas supply pipe 
105, an inner end portion thereof extending from an intake 
port 151 into the manifold 103 is con?gured of a quartz pipe 
152 with an inner end of the quartz pipe 152 being bent 
upward, and a stainless steel pipe 153 extends from the 
intake port 151 to the outside. 
A circular through hole 141 is formed in the side periph 

eral surface of the cover 104 to correspond with the ?rst gas 
supply pipe 105 (see FIG. 7), and a quartz plate 154 (in this 
example, it has an annular shape, as can be seen from FIG. 
7) of a shape that conforms with the through hole 141 and 
is capable of ?lling the through hole 141 is ?tted within this 
through hole 141 and is welded thereinto. A hole 155 (see 
FIG. 7) for ?tting the piping is formed in the quartz plate 
154, a cylindrical plug 157 of quartz that has a ?ange portion 
156 formed on an inner edge side thereof and is of an inner 
diameter that matches the pipe diameter of the quartz pipe 
152 is ?tted into the hole 155 in the quartz plate, and also an 
inner surface of the ?ange portion 156 is in surface-to 
surface contact with the inner surface of the quartz plate 154. 
The con?guration is such that the hole 155 is about 4 mm 
larger than the outer diameter of the cylindrical plug 157, in 
order to absorb any axial discrepancy between the manifold 
103 and the cover 104. The quartz pipe 152 is inserted in the 
cylindrical plug 157 so that, in this example, the quartz pipe 
152 ?ts in the hole 155 in the quartz plate 154 for ?tting the 
piping, with the cylindrical plug 157 therebetween. 
The second gas supply pipe 107 and exhaust pipe 108 are 

connected to the cover 104 in a similar manner. In this 
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example, the connective structure for the ?rst exhaust pipe 
106 differs from the others in that no cylindrical plug is used. 
In other words, the pipe wall of an inner end portion of a 
quartz pipe of the ?rst exhaust pipe 106 is shaved from the 
outside to reduce the diameter thereof, a reduced diameter 
portion 106a thereof ?ts in a through hole 165 in a quartz 
plate 164, and also a stepped portion 106k thereof is in 
contact with an inner peripheral surface of the quartz plate 
164. 

Note that, in FIGS. 6 and 7, reference numbers 142 to 144 
denote through holes, reference numbers 161 and 181 
denote exhaust ports, reference number 171 denotes an 
intake port, reference numbers 162, 172, and 182 denote 
quartz pipes, reference numbers 162, 173, and 183 denote 
stainless steel pipes, reference number 164, 174, and 184 
denote quartz plates welded to the cover 104, reference 
numbers 165, 175, and 185 denote holes for ?tting piping, 
reference numbers 176 and 186 denote ?ange portions, and 
reference number 177 and 187 denote cylindrical plugs 
formed of quartz. 
An inert gas introduction means, such as gas supply pipes 

140a and 140b, is connected to upper and lower portions of 
the manifold 103 to introduce an inert gas such as nitrogen 
into a space S between the inner periphery of the manifold 
103 and the cover 104, in order to prevent the intrusion of 
processing gases. 

Similarly, a gas supply pipe 1400 is connected to the cap 
portion 131 to introduce nitrogen into a space between the 
cap portion 131 and the heat-insulating tube 125. 
The operation of the above second embodiment will now 

be described. First, the interior of the reaction tube 102 is 
heated by the heater 122 to a uniform temperature of, for 
example, 780° C., a number of wafers W, such as 50, that are 
the objects to be processed are placed in a horizontal rack in 
the wafer boat 135, and the wafer boat 135 is loaded into the 
reaction tube 102 by the boat elevator 133. The interior of 
the reaction tube 102 is then evacuated by the vacuum pump 
that is not shown in the ?gures, through the ?rst exhaust pipe 
106, until it reaches a reduced pressure on the order of 10“3 
Torr, then processing gases such as ammonia (NH3) and 
dichlorosilane (SiI-I2Cl2) are supplied through the ?rst gas 
supply pipe 105 into a region within the inner tube 2a at a 
?ow rate of, for example, 0.03 liters/minute. 

While the pressure in the interior of the reaction tube 102 
is controlled so as to be maintained at a reduced-pressure 
state of, for example, 1 Torr, the space between the inner 
tube 102a and the outer tube 10211 is evacuated through the 
?rst exhaust pipe 106 and Si3N4 layers are formed on the 
surfaces of the wafers W for a period such as 40 minutes. 
During this time, nitrogen is supplied by the gas supply 
pipes 140a to 1400 into the space S between the cover 104 
and the manifold 103 and the space between the 10 cap 
portion 131 and the heat-insulating tube 125, to prevent the 
intrusion of processing gases into those spaces. These spaces 
exist because the cover 104 of this second embodiment is 
placed within the manifold 103 and the heat-insulating tube 
125 is placed on the cap portion 131. Some of this nitrogen 
will ?ow from these spaces further inward from the cover 
104 into the chamber, and some will be sucked from the 
space between the exhaust port 161 and the quartz pipe 162 
of the ?rst exhaust pipe 106, into the stainless steel pipe 163. 
The atmosphere in the reaction tube 102 is then purged 

with, for example, nitrogen, and the temperature within the 
reaction tube 102 is raised at a rate of, for example, 50° 
C./min, so that the temperature within the reaction tube 102 
is raised to the vicinity of approximately 1000° C. This 
purging of the interior of the reaction tube 102 with nitrogen 
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10 
is performed by supplying nitrogen into the inner tube 2a 
from a gas supply pipe which is provided in the manifold 
103 in the same manner as, for example, the ?rst gas supply 
pipe 105, but which is not shown in the ?gures, while the 
interior of the inner tube 102a is evacuated by the first 
exhaust pipe 106. 

After this exhaust process is stopped, a mixed gas of, for 
example, H2O at a ?ow rate of 10 liters/minute and HCl at 
a ?ow rate of l liter/minute is supplied into the space 
between the inner tube 102a and the outer tube 102b and is 
also evacuated through the second exhaust pipe 108 from the 
interior of the inner tube 102a, so that the interior of the 
reaction tube 102 reaches normal pressure. In this manner, 
the surface of the Si3N4 layer is oxidized to form an SiO2 
layer. Even during this oxidation process, nitrogen from the 
gas supply pipes 140 purges the space S. 

Since the inner peripheral surface of the manifold is 
shielded by the quartz cover 104 in accordance with this 
second embodiment and nitrogen is supplied into the space 
S between the cover 104 and the manifold 103 to purge it, 
the manifold 103 is isolated by this nitrogen from the 
processing gas environment, so that the manifold 103 can be 
prevented from corroding, even when gases that are highly 
corrosive at high temperatures are used. Therefore, since 
corrosion of the manifold 103 is not promoted, even when 
oxidation processing is performed at temperatures in excess 
of 1000° C. using oxidation gases that contain HCl, this 
apparatus can be used for both CVD and oxidation. 

If this connective structure is used, in which through holes 
141 to 144 are formed in the side peripheral surface of the 
cover 104, quartz plates 154, 164, 174, and 184 are ?tted 
into these holes, and the above described gas piping (com 
ponents 105 to 108) is used, the spaces between the gas 
piping (components 105 to 108) and the cover 104 can be 
made as small as possible. In addition, since the positional 
accuracy of the through holes 141 to 144 need not be high, 
the manufacture thereof is simple. In other words, if the 
quartz plates 154, 164, 174, and 184 were made integral with 
the cover 104, it would be extremely di?icult to attach the 
quartz plates 154, 164, 174, and 184 to correspond with the 
differing vertical and peripheral positions of each of the 
intake ports and exhaust ports of the manifold 103. How 
ever, if, for example, the cylindrical plug 157 is used and the 
quartz pipe 152 is inserted therein with a certain amount of 
play, as described above, the jostling between the ?ange 
portion 156 and the quartz plate 154 will absorb any 
positional discrepancy between the intake port or exhaust 
port and the corresponding through hole, and also the 
surface contact between the ?ange portion 156 and the 
quartz plate 154 can reduce the space therebetween. 

With the ?rst exhaust pipe 106, the stepped portion 106b 
is formed at the inner end of the quartz pipe 162 and that 
pipe is inserted into the quartz plate 164 with a certain 
amount of play, so that the jostling between the stepped 
portion 106k and the quartz plate 164 can absorb positional 
discrepancy in a similar manner. In such a case, making the 
diameters of the quartz pipes 152, 162, 172, and 182 slightly 
smaller than the diameters of the corresponding intake ports 
and exhaust ports ensures that the above described positional 
discrepancy can be absorbed su?iciently. Corrosion by pro 
cessing gases can be suppressed with the cap portion 131 as 
well, because the space between the heat-insulating tube 125 
and the cover 104 is shielded by the ring member 133. 

Since the reaction tube 102 is used in common for both 
the ?lm formation and the oxidation processing, the 
throughput is markedly improved in comparison with the 
prior art in which separate apparatuses are used for such 
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processes, the space occupied by the equipment can be 
reduced, and further there is no danger of damage to the 
wafers W as they are being transferred. An SiO2 layer can be 
formed immediately after the Si3N4 layer is formed, without 
having to convey the wafers W out of the reaction tube 102, 
so no unwanted oxidation layer is fonned between these 
layers and impurities such as water vapor are not introduced. 

It should be obvious to those skilled in the art that the 
above described connective structure between the gas piping 
(components 105 to 108) and the cover 104 is not limited to 
this embodiment of the present invention; it can also be 
applied to a structure in which a quartz inner end portion of 
a gas supply pipe 109 is formed integrally with a quartz 
?ange portion 191, as shown in FIG. 8. The con?guration 
could be such that a ?at surface portion 146 is formed 
around the periphery of a hole 145 for ?tting piping that is 
formed in the cover 104, and an inner end portion of the gas 
supply pipe 109 is inserted into the hole 145 in such a 
manner that the ?ange portion 191 is in surface—to-surface 
contact with the inner or outer surface of the ?at surface 
portion 146. Note that this con?guration could equally well 
be applied to the attachment of an exhaust port to the 
manifold. The material of the cover 104 is not limited to 
quartz, and a gas other than nitrogen could be supplied as the 
inert gas into the space S between the cover 104 and the 
manifold 103. 
Third Embodiment 
When wafers are subjected to a thermal processing in a 

vertical thermal processing apparatus, ?rst a large number of 
untreated wafers are placed in a wafer boat, the loaded wafer 
boat is conveyed into the processing vessel from below by 
an elevator means, and an opening portion of the processing 
vessel is closed with a cap portion, as is well known. 

In this case, as the wafers are conveyed inward, the outer 
atmosphere containing particles and oxygen components is 
also drawn in, and, if the processing is performed without 
any further treatment, the particles in the atmosphere will 
generate defects, or the oxygen components will form an 
unwanted natural oxide layer. 

Therefore, after the wafers have been conveyed inward, 
an inert gas such as nitrogen is blown in from an upper 
portion of the processing vessel to ?ush the gases out of the 
vessel and replace them with nitrogen. 

However, although there are some differences between 
processing vessels, this purging must be performed until the 
densities of substances such as oxygen, water vapor, and 
carbides fall below constant levels, such as an oxygen 
density of 10 ppm or less, and thus such purges usually take 
30 to 60 minutes with the nitrogen continuously ?owing. 

This means that not only is a lot of time required for this 
purge and thus the throughput drops, but it also causes a 
problem in that running costs are increased because a large 
quantity of inert gas is used. 
A high-speed, normal-pressure thermal processing appa 

ratus has been speci?cally developed recently in order to 
increase throughput by reducing the thermal capacity and 
also increasing the heater capacity, and thus increase the rate 
of increase of temperature to approximately 100° C./minute, 
but there is still a problem in that the above described gas 
purging creates a bottleneck and requires a lot of time, so 
that satisfactory results cannot be obtained. 
A third embodiment of the present invention is proposed 

from observation of the above problems, to provide an 
effective method of solving them. The objective of this 
aspect of the present invention is to supply a normal 
pressure, high-temperature thermal processing apparatus in 
which a heat-resistant scaling function has been improved in 
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order to enable a vacuum evacuation gas purge, and an 
atmosphere purging method therefor. I 
A heater chamber 202 of a normal-pressure, high-tem 

perature thermal processing apparatus (combination cham 
ber) 230 of this third embodiment of the present invention 
has a processing vessel 204 formed of a corrosion-resistant 
material such as quartz and having a ceilinged vertical shape 
with an open lower edge, and a heater such as a resistive 
heater 206 is provided wrapped around the periphery of the 
processing vessel 204, as shown in FIG. 9. The processing 
vessel 204 is mainly con?gured of a quartz inner tube that 
is not shown in the ?gure and an outer tube that is provided 
in a concentric manner separated by a predetermined spac 
ing from the inner tube. 
A boat for holding the objects to be processed (a wafer 

boat) 208, made of a material such as quartz, is accommo 
dated in the processing vessel 204 in such a manner than it 
can be inserted into and removed from the processing vessel 
204 from below. The wafer boat 208 is con?gured such that 
a large number of objects to be processed (semiconductor 
wafers) W are placed therein at a predetermined pitch in the 
longitudinal direction thereof. 
A stainless steel cap portion 214 mounted on an arm 212 

of an elevating means 210 such as an elevator is attached to 
an open portion at the lower edge of the processing vessel 
204 in such as manner that it is capable of opening and 
closing the open portion, and the wafer boat 208 is mounted 
on the cap portion 214 with a heat-insulating tube 216 of 
quartz therebetween. 

In this case, the wafer boat 208 must be rotated and evenly 
exposed to the processing gases during the processing, in 
order to ensure the uniformity of the ?lms formed on the 
wafers W. For that reason, the cap portion 214 is provided 
with a rotational shaft 218A supported on a magnetic 
coupling 218, as shown in FIG. 10, and the con?guration is 
such that the heat-insulating tube 216 is supported on an 
upper end thereof and is rotated thereby. A pulley 219 is 
provided on an atmosphere side of the magnetic coupling 
218, and a transfer belt from a motor that is not shown in the 
?gures is suspended from he pulley 219. A protective layer 
222 of a corrosion-resistant material such as quartz is 
formed on an upper surface of the stainless steel cap portion 
214, in other words on the surface thereof facing the 
processing vessel 204, to ensure that the cap portion 214 is 
adequately protected against corrosive gases, even when 
hydrochloric acid (HCl) is used. 
As also shown in FIG. 10, a high-temperature heat 

resistant seal means 232 that is capable of withstanding a 
wafer processing temperature of approximately 1000° C. 
and a pressure differential with respect to one atmosphere is 
provided at a connective portion between a lower-edge 
?ange portion 204A of the processing vessel 204 and a 
peripheral portion of the cap portion 214, to enable vacuum 
evacuation gas purging and high-temperature processing. 
More speci?cally, the high-temperature heat-resistant seal 

means 232 is con?gured such that an annular groove portion 
234 is formed around a peripheral portion of the cap portion 
214 and an O-ring 236 of a material such as ?uorocarbon 
rubber is arranged therein. Since this O-ring 236 has good 
sealing properties but inferior thermal resistance, an open 
annular ?rst coolant passage 238 is formed below the 0~ring 
236 around the peripheral direction of the processing vessel 
204 and an open annular second coolant passage 242 is 
formed in a holder member 240 that holds the ?ange portion 
204A at the lower edge of the processing vessel 204. The 
con?guration is such that the O-ring 236 can be e?iciently 
cooled by coolant water ?owing in these passages 238 and 
242. 
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A gas introduction port 224 for introducing processing gas 
into the processing vessel 204 and a gas exhaust port 226 for 
evacuating gases therefrom are formed in a lower edge wall 
of the processing vessel 204, as shown in FIG. 9, and a gas 
nozzle 228 that extends upward within the processing vessel 
204 is connected to the gas introduction port 224. 
A gas supply system 246 is connected to the gas intro 

duction port 224 with a ball joint 244 shown in FIG. 12 
therebetween, with the con?guration being such that pro 
cessing gases and an inert gas such as nitrogen, which is 
required during atmosphere purging, can be supplied 
thereby. 
An external combustion chamber 248 is inserted partway 

along the gas supply system 246, as shown in FIG. 9, with 
the con?guration being such that steam can be introduced 
into the processing vessel 204 as required, by burning 
oxygen and hydrogen therein. 

Pipes made of quartz, for example, could be used for the 
piping of the gas supply system 246, but, in order to ensure 
complete freedom at installation, the ball joint 244 shown in 
FIG. 12 could be used in the connective portions thereof. 
This ball joint 244 is mainly con?gured of a spherical joint 
body 244A having a passageway therein, and a cup-shaped 
receptacle portion 250 that accommodates the joint body 
244A. Between these components is interposed an O-ring 
252 coated with te?on, which greatly improves the thermal 
resistance and sealing capability in comparison with an 
ordinary normal-pressure chamber. The joint body 244A is 
?xed to a clamping plate 254 and the receptacle portion 250 
is ?xed to a clamping plate 256. Fixing these clamping 
plates 254 and 256 together with tightening bolts 260 with 
springs 258 thereon ensures that the clamping plates 254 and 
256 can be tightly connected together with some degree of 
angular freedom. In the example shown in FIG. 9, two of 
these ball joints 244 are arranged in series. 

In a similar manner, the gas exhaust port 226 is connected 
to an exhaust system 264 with a second high-temperature 
heat-resistant seal means 236 therebetween, as shown in 
FIG. 9. The gas exhaust port 226 is connected to a ?exible 
tube 266 made of a material such as stainless steel, with a 
metal gasket 262A therebetween as a sealing means. The 
?exible tube 266 is further connected to a quartz tube 268 
with a similar metal gasket 262B therebetween, and the 
quartz tube 268 is connected to a te?on tube 270. 
A cross-section through the metal gasket 262A or 262B is 

shown enlarged in FIG. 11. Each metal gasket 262A or 2623 
is formed as an metal ring of a material such as hastelloy that 
is S-shaped in cross-section, and seal surfaces 272 at each 
side thereof are forced into pressure contact between the port 
226 and the tube 266, or between the tube 266 and the quartz 
tube 268, with the con?guration being such that a good 
sealing capability is ensured with a low tightening force, 
and, at the same time, a resistance to high temperatures of . 
the order of 400° C. can be obtained. If ?uorocarbon rubber 
O-rings were used instead of the metal gaskets 262A and 
262B, the sealing capability would still be as high, but, since 
the tightening surfaces are of quartz, it would not be possible 
to achieve a tightening force that could ensure a su?icient 
sealing capability. 

Note, however, that the con?guration could be such that 
O-rings that ensure a similar sealing capability are provided 
instead of these metal gaskets 262A and 262B, and also a 
cooling mechanism such as coolant passages for protecting 
these O-rings from the heat is provided to ensure resistance 
to heat. 
The te?on tube 270 branches into two systems: a vacuum 

exhaust system 270A used during gas purging and a normal 
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14 
pressure exhaust system 270B used during ordinary thermal 
processing. The vacuum exhaust system 270A is provided 
with, in sequence, a corrosion-resistant pressure switch 274 
that switches on and o?C a predetermined pressure within the 
system by a known means, a vacuum-side valve 276, a 
vacuum pump 278 for gas purging, and a reverse valve 279. 
The pressure switch 274 is con?gured to turn on when a 
normal pressure, such as atmospheric pres sure is detected, to 
close a nitrogen supply valve 280 provided in, for example, 
a nitrogen introduction pipe, to stop the supply of nitrogen. 
The normal-pressure exhaust system 270B is provided 

with, in sequence, a ?rst normal-pressure-side valve 282A, 
an exhaust-pressure controller 284, and a manual valve 286, 
and a downstream side thereof joins with a downstream side 
of the vacuum exhaust system 270A. The normal-pressure 
exhaust system 270B branches upstream of the ?rst normal 
pressure-side valve 282A to form a drain passage 288. This 
drain passage 288 is provided with, in sequence, a second 
normal-pressure-side valve 2828 that is operationally linked 
to the ?rst normal-pressure-side valve 282A, an exhaust 
pressure prevention trap 290 for preventing reverse ?ow, and 
a manual valve 292, with the con?guration being such that 
drain water within the exhaust system can be removed 
thereby if necessary. 
A gas purging method relating to this third embodiment of 

the present invention will now be described, with reference 
to the normal-pressure, high-temperature processing appa 
ratus con?gured as described above. 
A timing chart of the operation of purging the gases within 

the processing vessel is shown in FIG. 13, wherein two gas 
purges are performed in accordance with this embodiment. 

If, for example, the processing temperature is 1000° C., 
the processing vessel 204 is preheated by the resistive heater 
206 of FIG. 9 to a lower temperature, such as 600° C., and 
the wafers W placed in the wafer boat 208 are loaded into the 
processing vessel 204. This loading will inevitably draw into 
the processing vessel 204 some of the air from within the 
clean room that happens to be between the wafers W. For 
that reason, gas purging is performed within the processing 
vessel 204 before the normal-pressure thermal processing, in 
order to evacuate this drawn-in air to a predetermined level. 

Thus the wafer boat 208 containing the large number of 
wafers W is ?rst raised into the processing vessel 204 by 
operating the elevating means 210 to load it, then the lower 
edge opening of the processing vessel 204 is closed by the 
cap portion 214. At this point, the opening portion is sealed 
by the high-temperature heat-resistant seal means 232 hav 
ing the O-ring 236, to form a good air-tight seal. 
The nitrogen supply valve 280 and the ?rst and second 

normal-pressure-side valves 282A and 282B are then closed 
and the vacuum-side valve 276 of the vacuum exhaust 
system 270A is opened. 

In this status, the vacuum pump 278 for gas purging is 
operated at a point P1 in FIG. 13, to start the evacuation of 
the processing vessel 204. In order to prevent the vacuum 
pump 278 from reducing the pressure too abruptly, its 
rotational speed is gradually increased over approximately 
30 seconds until the pump is running at full speed, as shown 
at (E) in FIG. 13, to prevent damage to the wafers W that 
would be caused by a sudden drop in pressure. 
The vacuum pump 278 is then run at this speed for 

approximately 90 seconds until the interior of the processing 
vessel 204 reaches a high degree of vacuum on the order of 
10 to 0.1 Torr and, at a point P, the nitrogen supply valve 280 
is opened while the vacuum pump 278 continues to run so 
that the nitrogen for purging is introduced into the process 
ing vessel 204 and thus the gas purging is performed. 
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In this case, the cap portion 214 is sealed by the ?rst 
high-temperature heat-resistant seal means 232 having the 
O-ring 236. Similarly, the exhaust system 264 is sealed by 
the second high-temperature heat-resistant seal means 262 
using the metal gaskets 262A and 262B. Thus a good seal 
can be maintained, and the gas purging can be performed 
e?iciently. 

After a certain amount of time, such as 15 seconds, the 
nitrogen ?ows into the processing vessel 204 and, at a point 
P3, the vacuum-side valve 276 is shut to stop the vacuum 
evacuation. At the same time or just slightly afterwards, the 
rotational speed of the vacuum pump 278 is gradually 
reduced. The supply of nitrogen continues during this time. 

Therefore, the pressure within the processing vessel 204 
starts to increase towards normal pressure, and, at a point P4 
when it reaches normal pressure, or rather atmospheric 
pressure, the pressure switch 274 provided in the vacuum 
exhaust system 270A detects that state, the nitrogen supply 
valve 280 is closed to stop the supply of nitrogen, and the 
rotational speed of the vacuum pump 278 drops to zero. 

At this point, the gas within the processing vessel 204 is 
mostly nitrogen, indicating that the gas purging has been 
done e?iciently, and this completes the ?rst gas purge. 
The above described operation is then repeated in exactly 

the same manner, to perform a second gas purge. 
Thus, since the interior of the processing vessel 204 has 

been evacuated and then an inert gas has ?owed thereinto, 
any water vapor, oxygen components, or particles within the 
processing vessel 204 can be rapidly removed and thus set 
to below certain levels, and gas purging can be done in a 
short time. 
Although the gas purge was repeated twice in succession 

in the above embodiment, there is no need to perform it 
twice if the density of oxygen and other unwanted compo 
nents can be reduced to below predetermined levels by a 
single gas purge. Alternatively, if these levels are set very 
strictly, it may of course be necessary to repeat the purging 
three or more times. 
The reason why the nitrogen is supplied between points 

P2 and P3, while the vacuum pump 278 is still running to 
evacuate the processing vessel 204, is described below. No 
matter how high the sealing capabilities of the second 
high-temperature heat-resistant seal means 262 that uses the 
metal gaskets 262A and 262B, a certain amount of the 
outside atmosphere will leak therethrough, and, if the 
vacuum pump 278 were to be completely stopped during 
that time, the leaking atmosphere will ?ow backwards and 
enter the processing vessel 204, so that the gas purging 
e?iciency will drop. Leaving the vacuum pump 278 running 
as described above ensures that any of the outer atmosphere 
that should happen to ?ow into the exhaust system 264 is 
evacuated directly toward the vacuum pump 278 side, 
without being allowed to ?ow back into the processing 
vessel 204. 
Once the gas purge has been completed in this manner, the 

?rst and second normal-pressure-side valves 282A and 282B 
are opened and then the normal-pressure exhaust system 
270B and the drain passage 288 are opened, to proceed to the 
ordinary normal-pressure, high-temperature processing. 

At the same time, the power supplied to the resistive 
heater 206 is increased so that the temperature of the 
processing vessel 204 is increased from 600° C. to the 
processing temperature of, for example, 1000° C., the gas 
supply system 246 is opened to supply processing gases, and 
the ordinary normal-pressure, high-temperature processing 
is performed. 

In this case, components such as the cap portion 214 and 
gas exhaust port 226 reach fairly high temperatures, but the 
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O-n'ng 236 of the cap portion 214 is cooled by the ?ow of 
coolant water through the second coolant passage 242 and 
the ?rst coolant passage 238 provided above and below the 
O-ring 236. This ensures that the sealing is su?iciently 
maintained without damage to the O-ring 236, and the next 
vacuum gas purge can be repeated. 

In a similar manner, the metal gaskets 262A and 262B 
provided in the gas exhaust port 226 and the exhaust system 
264 are exposed to high temperatures, but their sealing 
capabilities are not deteriorated, and thus no malfunction 
will occur during the next vacuum gas purge. The reason 
why the vacuum-side valve 276 is closed at the point P3 
when the pressure within the processing vessel 204 has 
increased to about 30 Torr, not at the point P2, is to reduce 
the quantity of outer atmosphere leaking and ?owing into 
the seal portion as the pressure within the processing vessel 
increases. If there were a leak in the exhaust system, the 
pressure at that point is preferably as high as possible at 30 
Torr, and the vacuum pump is kept running until it reaches 
near atmospheric pressure, which has the advantage of 
reducing the amount of leakage. 
Once the above described gas purge has been performed, 

it takes about 6 minutes, 30 seconds to reduce the density of 
oxygen in the processing vessel 204 from 20% to 10 ppm or 
less, which can greatly reduce the time required for the gas 
purge in comparison with a prior art apparatus, enables rapid 
proceeding to the normal-pressure thermal processing, and 
thus greatly improves throughput. Note that an apparatus of 
the prior art con?guration would take at least 30 minutes 
with a ?ow rate of 20 liters/minute of purging nitrogen to 
reduce the oxygen density to 10 ppm or less. 

In this manner, the implementation of a heat-resistant seal 
structure in a prior art normal-pressure, high-temperature 
thermal processing apparatus ensures that the gases within 
the processing vessel can be forcibly evacuated, so that gas 
purge can be performed within a short time. 

Since this gas purge is completed within such a short time, 
the quantity of nitrogen that is used can be reduced, and thus 
running costs can be reduced. 

Note that inexpensive nitrogen was used as the inert gas 
in the above embodiments, but it should be obvious to those 
skilled in the art that the present invention is not limited 
thereto; other inert gases could of course be used. 
What is claimed is: 
1. A vertical thermal processing apparatus that is provided 

in a lower portion of a vertical reaction tube thereof with a 
metal manifold connected to a gas supply pipe and an 
exhaust pipe, and wherein a large number of objects to be 
processed are placed in a support device and conveyed into 
said reaction tube through a lower edge opening of said 
manifold, said vertical thermal processing apparatus com 
prising: 

a cover of a heat-resistant material provided so as to shield 
an inner peripheral surface of said manifold; and 

inert gas introduction means for introducing an inert gas 
into a space between said cover and said inner periph 
eral surface of said manifold. 

2. The vertical thermal processing apparatus of claim 1, 
wherein said cover is formed of quartz, a piping ?tting hole 
is formed in a side peripheral surface of said cover and a 
?attened surface portion is formed around the periphery of 
said piping ?tting hole, and an inner end portion of said gas 
supply pipe or said exhaust pipe is formed of quartz and is 
?tted into said piping ?tting hole. 

3. The vertical thermal processing apparatus of claim 2, 
wherein a cylindrical quartz plug provided with a ?ange 
portion is ?tted into said piping ?tting hole in such a manner 










